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Norme  per  la  richiesta 

di  ricerche,  studi 
o  controlli  I.S.M.L. 

1  Tutti  i  servixi  tecnici  e  scientific!  e  tutte  le  apparttcchiature 
di  cui  dispone  1'  I.S.M.L.  sono  disponibili  per  l'esecuxione 
di  ricerche,  studi  o  controlli,  nell'interesse  di  chiunque  ne 
faccia  richiesta,  anche  se  estraneo  ai  Gruppi  fondatori. 

2  L'Istituto  Sperimentale  dei  Metalli  Leggeri,  per  norma  statu- 
taria,  non  persegue  scopi  di  lucro.  Dato  il  costo  elevato 
del  personale,  delle  apparecchiature  e  dei  materiali  che 
concorrono  alio  svolgimento  delle  indagini,  gli  importi  fat- 
turati  rappresentano  di  norma  soltanto  un  parxiale  concorso 
alle  spese  effettive  sostenute  dall'LS.M.L. 

3  II  risultato  di  una  indagine  tecnica  e  quasi  sempre  funxione 
diretta  della  chiarexxe  e  della  precisione  con  le  quali  essa  e 
stata  formulata.  Nello  stesao  loro  interesse,  si  raccomanda 
pertanto  a  tutti  coloro  che  intendono  richiedere  la  consu- 
lenza  scientifica  dell'I.S.M.L.  di  fornire  una  chiara  e  rircon- 
stanziata  rappresentaxione  degli  scopi  ai  quali  si  desidera 
per  venire,  anche  se  il  particolare  problem  a  pud  sembrare 
di  limitato  e  contingente  interesse. 

4  Le  richiesta  di  prove  e  controlli  debbono  essere  fatte  per 
iscritto,  nel  modo  pih  chiaro  possibile,  indicando  per  or- 
dine:  lo  scopo  della  richiesta,  il  genere  di  indagine  richie- 
sto,  l'origine  e  le  condixioni  d'impiego  del  material©  inviato 
in  ©same  (se  note),  la  sua  storia  termica  e  tecnologica,  ed 
in  general©  tutte  le  altre  notixio  che  possano  servire  al  mi- 
gliore  inquadramento  del  quesito  proposto. 

5  I  risultati  dei  controlli  si  riferiscono  soltanto  oi  campioni 
ricevuti  e  non  alle  partite  che  i  campioni  rappresentano, 
a  mono  che  il  prelievo  non  sia  stato  eseguito,  con  adatti 
criteri,  direttamente  dal  personale  dello  I.S.M.L. 

6  Ogni  risultato  di  ricerche,  studi  o  controlli  dell'I.S.M.L.  e 
di  norma,  deacrittoin  una  relaxione  tecnica  (Rapporto).  Qua* 
lora  il  tipo  di  indagine  lo  coxnporti,  detta  relaxione  avrA  ca- 
rattere  critico,  in  maniera  da  consentixe  la  immediata  deri- 
vaxione  dei  concetti  di  pratica  applicaxione.  In  tal  caso, 
all'importo  delle  prove  verrA  aggiunta  una  quota  di  consu- 
lenxa,  secondo  le  modality  illustrate  nel  testo  del  tariifario 
I.S.M.L.,  che  viene  inviato  a  richiesta. 

7  £  assicurata  la  piu  assoluta  riservatexxa  circa  i  risultati 
dei  controlli,  studi  o  ricerche  eseguiti  su  incarico.  Per  la 
reciproca  protezione  dei  suoi  clienti,  dei  tem  e  dello  stesso 
Istituto,  i  Rapporti  I.S.M.L.  s'intendono  di  nature  stretta- 
mente  confidenziale  e  riservata:  la  diffusion®,  con  qualun- 
que  mezzo,  dei  Rapporti  stessi,  o  di  loro  parti  o  estratti,  si 
intend©  pertanto  assolutamente  vietata,  senxa  preventive 
autorizzazione  acritta  della  Diresicne  dell' Istituto. 

8  I  campioni  inviati  in  esame  rimangono,  salvo  accordi  spe¬ 
cial!,  di  proprietA  dell'I.S.M.L.,  il  quale  si  impegna  a  con- 
sorvarli  per  3  mesi  dalla  data  di  invio  della  relaxione 
finale.  Trascorso  questo  periodo,  1'I.S.M.L.  zy^n  risponde  pivi 
della  loro  conservazione. 
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1)  Purpose  of  the  Report 

As  already  mentioned  in  the  preceding  report 
(No.  11.  777/6211.  036) ,  the  second  part  of  the  program 
me  agreed  with  the  European  Research  Office  on  the 
above  subject ,  concerned  the  evaluation  of  the  selec_ 
tivity  of  the  method  tn  comparison  with  that  of  the 
other  traditional  methods. 

Such  comparison  was  to  be  based  on  checking  of 
the  possibilities  offered  by  the  method  under  ex£ 
minctton  and  by  other  methods,  to  show  the  influen 
ce,  already  widely  known,  of  some  of  the  principal 
factors  governing  the  stress  corrosion  of  light  ai. 
lays. 

A  first  series  of  tests  carried  out  with  the  a- 
nodic  method  on  some  materials  of  industrial  produc_ 
tion  having  varying  compositions  and  structural  sta_ 
tes,  had  already  made  it  possible  to  establish  that 
the  method  resulted  particularly  sensitive  to  the  va 
rious  factors  examined  ( technological  conditions  of 
preparation  of  the  material,  degree  of  work  harden¬ 
ing,  sensitising  treatment). 

A  much  wider  series  of  tests  has  now  been  under¬ 
taken  on  the  influence  of  these  factors,  submitting 
to  the  anodic  test  and  other  types  of  tests,  nume  - 
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rous  materials  in  different  structural  states  obtain 
ed  by  suitable  treatments,  all  from  the  same  AO  5  a± 
loy  rolled  section,  produced  industrially . 

In  the  present  report  are  given  the  results  of  the 
above  series  of  tests . 

2)  Description  of  the  Tests 

The  factors  chosen  for  evaluation  of  the  selecti¬ 
vity  of  the  anodic  method  compared  to  that  of  the  o- 
ther  methods  under  examination  were  as  follows: 

a)  conditions  of  annealing  preceding  the  last  roll, 
ing; 

b )  final  degree  of  work  hardening; 

c)  conditions  of  sensitising  treatment. 

In  particular,  as  far  as  the  influence  of  anneal¬ 
ing  is  concerned,  three  types  of  treatment  were  expe_ 
rimented.  They  were  as  follows: 

-  industrial  type  of  annealing  at  400°C  for  2  hours 
with  furnace  cooling  to  200°C  in  about  8  hours; 

-  industrial  type  of  annealing  set  up  in  France  by 
some  authors  (1),  consisting  of  heating  to  400°C 
for  2  hours,  followed  by  air  cooling  then  further 
heating  to  240°C  for  24  hours  and  air  cooling; 

-  annealing  at  320°C  for  4  hours,  with  slow  cooling 
by  degrees  for  a  total  of  68  hours  (step-anneal¬ 
ing) . 

For  simplicity,  we  will  distinguish  the  three  types 
of  annealing  by  the  signs  I  (industrial  annealing),  F 
(French  industrial  annealing) ,  G  (step-annealing) . 

For  the  influence  of  the  degree  of  work  hardening, 
the  states  1110  and  1125,  both  obtained  by  rolling  af¬ 
ter  annealing,  were  experimented  with  each  of  the  a- 
bove  three  annealing  treatments. 
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The  influence  of  sensitising  was  evaluated  using 
two  commonly  adopted  types  of  treatment,  one  of  which 
consisted  in  heating  to  150V for  16  hours  (A15/16)  and 
the  other,  in  heating  to  100°C  for  3  days  (A10/72), 

As  mentioned,  the  influence  of  the  above  factors 
on  the  stress  corrosion  of  Al-l'g  alloys  is  already 
known  in  a  general  wry. 

For  example,  it  is  known  that  the  rate  of  cooling 
after  the  last  annealing  determines  the  effects  of 
the  susceptibility  to  stress  corrosion  of  such  alloys 
after  sensitising  and  that  the  degree  of  susceptibili¬ 
ty  Induced  by  sensitising  in  a  material  not  properly 
annealed  (with  insufficiently  slow  cooling)  is  tied 
to  the  final  degree  of  work  hardening  of  the  material. 

The  influence  of  the  above  factors,  widely  studied 
by  us  (2,3)and  by  others  ( 4 )  was,  however,  shown  for 
the  most  part  with  the  help  of  traditional  laboratory 
tests  based  either  on  the  determination  of  the  break¬ 
ing  time  or  on  the  evaluation  of  the  loss  of  weight 
or  decrease  in  thickness. 

Since,  in  most  of  the  cases,  comparative  tests  we. 
re  not  carried  out  in  the  same  material  without  mecha 
nical  stress,  it  was  not  possible  to  evcluc.te  separa¬ 
tely  the  behaviour  under  corrosion  and  stress  corrosion 
of  the  material  in  relation  to  the  above  factors. 

However,  it  seemed  interesting  to  check  if  the  ano¬ 
dic  method  and  the  relative  values  of  the  susceptibi¬ 
lity  indices  used  in  it  would  permit  the  carrying  out 
of  a  more  accurate  evaluation  of  the  influence  of  the. 
se  factors. 

For  reasons  of  time,  as  methods  to  be  set  up  in 
comparison  with  the  anodic  meti.od,  were  chosen  two 
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sufficiently  rapid  methods  both  using  a  saline  acid 
solution  for  SCI  but  wtth  different  means  of  appli¬ 
cation  of  the  stress. 

One  was  a  Brenner  type  of  test  (fig.l)  and  made 
use  of  specimens  under  bending  stress  at  constant 
load,  while  for  the  other  were  used  specimens  of  the 
same  type  as  those  used  for  the  anodic  test,  under 
tensile  stress  with  the  same  apparatus  at  constant 
load  used  for  the  above  test. 

Further  particulars  about  the  carrying  out  of  the 
various  tests  will  be  described  herein. 

3)  Preparation  of  Samples 

The  material  used  for  the  preparation  of  the  enti^ 
re  series  of  samples  was  a  rolled  section ,  industrial^ 
ly  produced ,  of  alloy  AG  5  UNI  3576  in  H10  state, 

1000  X  1500  X  2.5  mm  in  sise. 

The  composition  and  mechanical  characteristics  of 
this  material  in  the  state  as  supplied  ere  reported 
in  tabl  e  I  and  II. 

To  guarantee  the  complete  recrystallisation  of  the 
material  in  the  three  annealing  treatments  planned , 
it  was  previously  brought  by  rolling  to  state  E25. 

From  this  rolled  section  were  cut  three  crop  ends 
of  500  X  1000  mm  which,  suitably  divided ,  were  given 
the  three  annealing  treatments  previously  described. 
Each  of  the  three  treatments  was  effected  contempora^ 
rily  on  all  parts  of  each  crop  end. 

The  cooling  curves  relating  to  the  industrial  ty¬ 
pe  annealing  and  to  the  step-annealing,  are  illustra y 
ted  respectively  in  the  diagrams  of  Figs.  2-3. 
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One  half  of  each  of  the  three  crop  ends  divided  tn 
to  vcrious  parts ,  was  brought ,  after  annealing ,  to  sta 
te  H10  and  the  other  half  to  state  H25. 

Each  of  the  various  parts  cut  from  each  crop  end  in 
the  two  different  states  was  then  further  divided  into 
three  parts  and  on  two  of  these  ware  effected  the  two 
sensitising  treatments  planned  (A15/16  and  A10/72). 
The  sensitising  treatment  was  also  carried  out  contem 
porarlly  on  all  the  parts  out  from  the  same  crop  end 
or  with  the  same  annealing,  in  the  two  differing  sta¬ 
tes. 

In  total,  18  types  of  material  were  obtained.  From 
each  was  then  cut  on  the  transverse,  two  proportional¬ 
ly  short  samples  with  width  of  the  gauge  length  equal 
to  10  mm,  for  the  check  of  the  mechanical  characteri¬ 
stics  (cfr.Tab.III) . 

From  each  of  the  materials  submitted  to  the  two  sen 
sittsing  treatments  were  then  cut  14  samples  of  the 
kind  illustrated  in  Fig.  4,  for  the  anodic  test  and 
for  the  test  in  saline  acid  solution,  and  3  samples 
of  220  I  20  mm  for  the  Brenner  type  test. 

From  each  of  the  materials  not  given  the  sensitis¬ 
ing  treatment,  were  cut  only  8  samples  for  the  anodic 
test.  In  fact,  the  other  tests  were  carried  out  only 
on  the  various  sensitised  materials,  this  for  reasons 
herein  described . 

All  the  samples  for  the  anodic  test  and  the  test 
in  saline  acid  solution  were  partially  protected  with 
a  mixture  of  paraffin  and  fertene,  as  indicated  in 
fig .  4. 

Also  the  samples  for  the  Brenner  test  were  protec, 
ted  by  the  same  type  of  product,  in  correspondence 
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with  the  2 in*  of  separation  of  the  air  and  2 tquid. 

4)  Structural. JBEgLlM&gj 

On  a  teat  speetmen  out  from  each  of  th*  16  notarial e 

used  in  our  teat a,  the  metallegrophtc  examination  was 

\ 

ccrrtsd  out  corresponding  to  a  transverse  section  as 
compared  to  the  fina2  direction  of  ro22ing . 

It  was  found  that ,  without  sensitising,  the  micro - 
structura2  characteristics  of  the  samp2es  which  had 
been  given  the  two  annea2tngs  I  (Figs,  5a-6a)  and  F 
(Figs,  7a-6a),  resulted  fu22y  comparable  with  those 
in  the  corresponding  work  hardened  states,  whether  for 
the  distribution  of  the  tnter-netallic  compounds  or 
for  the  entity  and  form  of  the  reprecipitate  of  Mg^l2n 
present  in  a21  four  samples  in  very  2imited  quantities 
and  in  a  discontinuous  form,  localised  mainly  at  the 
grain  boundaries. 

For  the  material  submitted  to  step-anneal tng  ( 0 ), 
the  metallographic  examination  made  it  posstble  to 
ascertain  that  this  was  considerably  different  from 
the  previous  ones,  as  far  as  quantity  and  the  moda¬ 
lity  of  distribution  of  Ug2Al3  compound  within  the 
matrix  of  solid  solution  was  concerned. 

This  material  in  fact,  whether  tn  state  E10  or  ESS 
(Figs,  Sa-lOa)  is  noticeable  for  a  more  marked  and  ff£, 
neral  puntlform  reprecipitate  compared  to  the  other 
materials.  Thts  is  due  to  the  fact  that  step-anneal¬ 
ing  entails  a  prolonged  stay  of  the  material  at  tem¬ 
peratures  very  close  to  200°C t  tn  fact  these  tempera, 
tures  particularly  favour  the  expulsion  of  Mg^il^  cow 
pound  which  reprecipitates  at  the  boundaries  and  tnst 
de  the  grain  in  the  for *  of  larger  stsed  globules. 
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As  for  the  micrographlc  characteristics  of  the  Mate¬ 
rials  after  the  two  afferent  sensitising  treatments, 
it  is  observed  that  after  the  two  different  sensitising 
treatments,  the  samples  I  and  F,  in  state  BIO  ( Figs, 5 
and  7)  and  in  state  BBS  (Figs.  6  and  8)  present  a  re¬ 
precipitation  wore  or  less  continuous  at  the  grain  boun 
daries*  fhe  difference  between  them  is  essentially  one 
of  quantity  of  reprecipitate,  which  results  more  noti¬ 
ceable  in  the  samples  given  sensitising  treatment  accord 
ing  to  A15/16  compared  to  those  with  sensitising  treat¬ 
ment  according  to  A10/78  (Fig*  11). 

This  difference,  obvious  enough  in  state  BIO,  tends 
to  be  less  evident  in  the  material  at  BB5,  by  reason  of 
the  effect  of  the  greater  degree  of  hardening  in  the  roi_ 
led  sections. 

The  samples  relative  to  material  G  (step-annealing) , 
already  noted  for  the  rather  marked  reprecipitation  be¬ 
fore  sensitising  treatment,  are  clearly  different  in  all 
the  states  of  work  hardening  from  the  rolled  sections  I 
and  F. 

In  fact,  all  the  samples  G  sensitised  A15/16  (Figs. 

9b,  10b),  A10/7B  (Figs.9c-10c)  are  noticeable  for  their 
considerable  reprecipitation,  most  evident  in  state  BS5, 
of  L'ggAl3  in  globular  form  and  discontinuous  at  the  boun 
daries  end  inside  of  the  grains. 

The  two  different  sensitising  treatments  have  not  ap¬ 
parently  determined  substantial  differences  as  far  as 
the  quantity  of  reprecipitate  is  concerned  in  the  BBS 
states  (Fig. 10). 

Instead,  in  state  BIO,  the  sensittsing  A15/16  has 
brought  about  the  expulsion  of  Bg^Al^  which  is  slightly 
greater  compared  to  state  A10/78  (Fig. 9). 


5)  Stress  corrosion  tests 


The  stress  corrosion  tests  were,  definitively,  as 
follows t 

a )  test  with  anodic  current  tn  a  neutral  solutton; 

b)  test  in  saline  acid  solution  without  current  and 

with  the  same  apparatus  as  used  in  the  anodic  teetf 

c)  Brenner  type  test  tn  saline  acid  solution. 

As  already  mentioned,  the  anodic  test  was  carried 
out  on  all  the  materials,  while  for  the  other  two  *1L 
pes  of  test,  only  the  materials  sensitised  with  the  two 
treatments  A15/16  and  A10/72  were  used  in  the  experi¬ 
ments.  The  satisfactory  behaviour  of  all  the  unsensiti¬ 
sed  materials  in  the  anodic  test,  i.e.  their  nearly  com 
plete  absence  of  susceptibility  to  stress  corrosion,  »£ 
de  it  superfluous  to  these  materials  with  the  other  two 
types  of  test. 

a).  Anodic  test 

For  this  test  eight  test  samples,  I  SIX  model  PDC  37 
(fig.  4)  were  used  for  each  type  of  material.  Two  test 
samples  were  used  for  the  check  of  the  initial  mechanic 
cal  characteristics  (cfr.  Table  17).  Six  samples  were 
given  the  anodic  test,  three  with  mechanical  stress  and 
three  without  mechanical  stress. 

The  test  was  carried  out  with  the  apparatus  and  in 
the  conditions  previously  used  and  fully  described  tn 
a  proceeding  report  ( cfr . 11.635/6207. 104) .  The  mecha¬ 
nical  stress  induced  tn  the  samples  was  equal  to  75 $ 
of  the  yield  strength.  The  electrolyte  was  a  solutton 
of  ItaCl  5,75f  with  a  pH  between  5, 6-5, 8  and  was  conti, 
nually  renewed. 

The  density  of  current  used  was  6  m A/cnS. 

On  breaking  of  one  or  more  of  the  mechanically  stress _ 
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ed  samples,  a  corresponding  number  of  unstressed  sam¬ 
ples  was  taken  out,  and  these  were  given  a  check  for 
residual  tensile  strength  (Be). 

On  the  basis  of  this  check,  the  sucep  tibil i ty  to 
stress  corrosion  index  ( ^  R-)  was  calculated  by  the 
Jones  method,  according  to  the  formula: 


A  st 

"2 T“  " 


Be  -  0.75  s 
T““o7?5~s' 


0.2 
0.2 . 


The  breaking  times  and  susceptibility  Indices  for 
each  type  of  material  are  reported  in  tab. 7. 

b)  Test  in  saline  acid  solution 

As  mentioned,  the  test  was  carried  out  with  the  same 
apparatus  used  for  the  anodic  test  but  without  current 
and  in  a  saline  acid  solution.  In  this  test  also,  mecha 
nlcally  stressed  and  unstressed  test  samples  were  used, 
so  that  the  susceptibility  to  stress  corrosion  indices 
could  be  calculated. 

Six  test  samples  of  the  same  type  as  used  in  the  a - 
nodi  c  test  (Fig.  4  )  were  utilised i  three  with  mechani¬ 
cal  stress  and  three  without. 

The  elctrolyte  was  a  solution  of  NaCl  3 $  +  BC1 
with  pH  =  1.5.  The  method  of  carrying  out  the  test,  a- 
part  from  the  application  of  current,  was  the  same  as 
used  for  the  anodic  test.  The  mechanical  stress  indu¬ 
ced  in  the  samples  was  equal  to  75 $  of  the  yield  strength 
and  the  calculation  of  the  indices  was  made  according 
to  Jones  formula,  already  given. 

The  breaking  times  and  index  values  obtained  for 
each  type  of  material  in  the  sensitised  state  are  il¬ 
lustrated  in  tab.  71. 
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c)  Brenner  typ e  test 

The  best  carried  out  by  us  has  been  described  as  the 
Brenner  type  because ,  although  it  made  use  of  the  same 
type  of  test  samples  ( stressed  to  bending)  and  of  the 
same  apparatus  utilised  in  the  actual  Brenner  test  (t), 
it  was  substantially  different  in  the  means  of  applies 
tions  of  the  stress. 

The  original  conception  of  the  Brenner  test ,  which 
appears  in  specification  DIN  5096  (s),'ts  in  effect,  a 
test  at  constant  strain  which  prescribed  a  determined 
deformation  of  the  material  for  a  determined  thickness. 

Since,  in  our  tests,  we  had  to  compare  materials  of 
different  thickness  and  with  varying  yield  strength, 
and  since ,  for  comparison  with  the  other  two  kinds  of 
test,  we  had  to  stress  all  the  materials  up  to  75 $  of 
the  yield  strength,  the  above  test  could  not  be  used 
in  the  original  and  was  thus  transformed  into  a  test 
at  constant  load  that  would  guarantee  that  the  same  stress 
would  be  induced  in  the  various  materials. 

This  was  obtained  by  determining  for  each  material  of 
different  thickness  and  having  different  yield  strength, 
the  bending  moment  which  will  induce  an  initial  stress 
equal  to  75$  of  the  yield  strength  in  an  area  of  the  sam 
pie  included. in  the  part  exposed  to  the  action  of  the  1 £ 
quid. 

For  simplicity,  the  load  application  was  made  by  suit, 
ably  varying  the  angle  of  the  lever  arm  eo  as  to  obtain 
the  initial  horiaantdltiyof  the  arm  for  ail  the  materials. 

This  enabled  valuation  to  be  made,  in  the  case  of  non¬ 
breaking  of  the  test  sample ,  of  the  yield  of  the  material 
by  determining  the  tine  corresponding  to  that  of  the  ar¬ 
rival  of  the  sample  at  the  idgt  of  the  recipient. 
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The  electrolyte  was  a  solution  of  KaCl  3%  +  HC1  if  at 
pB  1,5,  duly  controlled  and  corrected  for  the  entire  du 
ration  of  the  test. 

The  breaking  time  values  or  the  values  of  times  set 
as  limits  for  the  test  for  samples  that  did  not  break, 
are  reported  in  table  VII, 

6)  Resul  ts 

Let  us  examine  separately  the  results  obtained  from 
the  three  tests  described  above. 

a )  Anodic  Test 

It  is  seen,  above  all  (cfr.  table  V)  that  without 
sensitising,  no  difference  in  behaviour  is  found  between 
the  materials  given  the  three  different  annealing  treat¬ 
ments,  whether  in  state  H10  or  in  state  H25. 

The  breaking  times  relating  to  each  are,  in  fact,  ve¬ 
ry  nearly  identical  and  the  index  values  indicate,  in 
all  cases,  a  complete  lack  of  susceptibility  to  stress 
corrosion. 

There  is  found  only  a  certain  influence  of  the  degree 
of  work  hardening  on  the  life  of  the  material.  In  fact, 
all  the  test  samples  in  state  B25  underwent  breaking  in 
a  shorter  period  of  time  than  did  those  at  state  E10. 

A  clear  influence  of  the  annealing  treatment  was  found 
instead,  in  the  above  materials  after  heat  sensi  Using 
treatment. 

While  the  materials  with  annealings  I  and  F  presen¬ 
ted,  in  all  cases,  a  more  or  less  high  susceptibility 
to  stress  corrosion,  that  with  step-annealing  ( G )  show 
ed  practically  no  susceptibility  to  stress  corrosion. 

Also  the  breaking  times  relating  to  the  first  two  mate, 
rials  (I  and  F)  were,  in  all  cases,  notably  shorter  than 
those  of  material  G. 
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AM  for  the  comparison  between  the  two  annealing  trea£ 
ment  I  and  F,  it  ts  seen  that,  for  equal  degree  of  work 
hardening  and  heat  sensitising  treatment,  both  the  breafc, 
tng  times  and  the  index  values  indicate  that  the  behaviour 
of  material  F  is  slightly  better  compared  to  material  I . 

Satisfactory  accordance  between  the  breaking  time  va¬ 
lues  and  those  of  the  indices  ts  found  also  as  far  as  the 
influence  of  the  degree  of  work  hardening  ts  concerned. 

At  the  same  annealing  treatment  and  sensitising,  all 
the  materials  in  225  state  undergo  breaking  after  a  re-  . 
latively  short  ttme  end  show  a  correspondly  higher  susce £ 
tib titty  index. 

A  slight  difference  between  the  two  criteria  of  eva¬ 
luation  (breaking  times  and  indices)  is  found  as  regards 
the  influence  of  the  sensitising  treatment. 

While  for  the  same  ktnd  of  material,  the  breaking  ti¬ 
mes  relative  to  the  two  different  sensitising  treatments 
are  nearly  identical,  the  index  values  result  higher, e  - 
ven  though  only  slightly,  for  the  A10/12  treatment,  as 
compared  to  115)16  treatment. 

b)  Test  in  saline  acid  solution 

It  is  seen,  above  all,  (cfr.  table  VI)  as  already  en 
countered  in  the  anodic  test,  a  clear  difference  between 
the  two  materials  I  and  F  and  the  material  6. 

Also  in  this  case,  it  ts  observed  that  the  first  two 
materials  show  a  more  or  less  high  susceptibility  to 
stress  corrosion,  while  material  6  shows  almost  no  su¬ 
sceptibility. 

It  is  noted  that  also  in  this  test,  the  material  F, 
at  equal  degree  of  work  hardening  and  sensitising  treat, 
ment,  shows,  in  most  cases ,  a  slightly  better  behaviour 
of  the  material  I,  both  on  the  basis  of  breaking  times 
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and  index  values. 

A  part  from,  the  influence  of  the  anneal  tng  treatment 
for  which,  as  already  mentioned,  is  found  a  good  agree¬ 
ment  between  the  two  above  mentioned  criteria  of  evalua. 
tion,  the  influence  of  the  other  factors  under  examina¬ 
tion,  is  notably  different, depending  on  whether  it  is 
evaluated  on  the  basis  of  breaking  times  or  of  index  va_ 
lues. 

In  fact,  it  is  seen  that  the  index  values  do  not  re¬ 
veal  a  noticeable  influence  of  sensitising  treatment  for 
material  at  the  same  state  and  that  for  both  sensitising 
treatments,  the  influence  of  the  degree  of  work  harden¬ 
ing  was _  comparable. 

In  particular,  the  susceptibility  indices  are  even 
greater  for  the  materials  in  state  H25  than  for  the  ma¬ 
terials  at  state  H1C  and  the  two  respective  values  are,  a 
part  from  some  exceptions,  almost  exactly  the  same  for 
the  two  different  sensitising  treatments. 

Cn  the  basis  of  breaking  times,  however,  is  found  a 
clear  influence  of  the  sensitising  treatment,  '  this  in 
turn  bound  up  with  the  degree  of  work  hardening  of  the 
mater lal . 

In  particular,  for  exaviple,  while  at  state  H25,  the 
breaking  times  of  the  materials  sensitised  A10/72  are 
only  slightly  more  than  the  corresponding  values  for 
treatment  A15/1G,  at  state  1110  this  difference  is  ve¬ 
ry  noticeable.  In  such  case,  the  breaking  times  are  8-9 
hours  for  treatment  A1S/16,  and  30—40  hours  for  treat¬ 
ment  A10/72. 

As  a  consequence,  also  the  influence  of-  the  degree 
of  hardening  manifests  itself  in  a  noticeably  different 
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measure  for  the  two  sensitising  treatment  and,  is  especial 
ly  strong  in  the  materials  sensitised  A10/7B . 

Thus t  the  breaking  times  are  even  less  for  the  same 
senslttstng  for  the  materials  at  H2S  than  for  the  mate, 
rials  at  H10 . 

The  clear  difference  in  behaviour  between  the  two  no, 
terials  in  state  BIO  sensitised  115/16  and  110/72  oc¬ 
curs,  however,  only  with  the  two  materials  that  are  su¬ 
sceptible  to  stress  corrosion,  i.e.  with  annealing  I  and 
F .  For  material  G  the  influence  of  sensitising  on  the 
breaking  times  is  very  small  even  for  state  HIP,  for  which 
also  the  influence  of  degree  of  work  hardening  results 
completely  analogous  for  the  two  sensitising  treatments . 

In  this  case  also,  however,  all  the  materials  in  state 
E25  undergo  breaking  in  a  relatively  shorter  time  than 
do  the  corresponding  materials  in  state  BIO. 

c)  Brenner  type  test 

This  test  also,  like  the  two  preceding  tests,  has 
revealed  above  all ,  a  considerable  difference  in  behaviour 
between  the  two  materials  I  and  F  and  material  G. 

While  no  breaking  of  the  test  samples  occurred  with 
material  G  in  states  BIO  end  B25  and  for  both  sensttts, 
ing  treatments,  with  materials  I  and  F,  there  was  break, 
ing  of  the  samples  in  most  cases. 

Contrary  to  what  was  fO$nd  in  the  preceding  tests, 
no  difference  in  behaviour  was  shown  between  the  two 
annealing  treatments  I  and  F. 

1  clear  influence  of  sensitising  treatment,  bound  in 
turn  to  the  degree  of  work  hardening  was  found  also  for 
this  as  for  the  tests  in  the  saline  acid  solution. 

Breaking  of  the  test  samples  took  place,  in  fact,  for 
all  the  materials  sensitised  115/16,  both  in  state  BIO 
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and  in  state  H25,  while  for  the  materials  sensitised 
A10/72 ,  breaking  takes  place  only  in  the  samples  of 
materiel  in  state  H25. 

It  should  be  noted  that ,  while  for  state  A15/16  no 
influence  of  the  degree  of  work  hardening  is  found  (the 
breaking  times  are  almost  identical  for  the  two  diffe¬ 
rent  states),  for  the  material  sensitised  A10/72,  the¬ 
re  is  a  definite  difference  in  the  behaviour  of  the  two 
materials  H10  and  1125 .  Those  in  state  E25  undergo  breok. 
ing  after  20-30  hours  while  those  in  state  H10  do  not 
break  after  60-70  hours* 

As  far  as  material  G  is  concerned,  although,  as  al¬ 
ready  seen,  no  breaking  of  the  test  samples  wet'  found,  com. 
parison  between  the  times  corresponding  to  those  at  which 
the  yielding  of  the  material  took  place,  indicates  a  sltght 
influence  of  the  degree  of  work  hardening  and  no  influen¬ 
ce  of  the  sensitising  treatment . 

Also  in  this  case,  however,  the  materials  in  state 
H25  undergo  breaking  in  a  shorter  time  than  does  that  in 
state  H10. 

7)  Discussion  of  results 

The  results  of  the  anodic  test  are  in  very  close  a- 
greement  with  those  obteined  in  the  preceding  tests  and 
seem  equally  reproducible  and  selective. 

In  fact,  it  is  furtherly  confirmed  how  important  is, 
regarding  the  behaviour  under  stress  corrosion  of  the 
alloy  under  examination,  the  choise  of  technological 
conditions  of  preparation  of  the  material,  and  how  it 
1 8  possible  to  obtain,  with  the  correct  annealing  treat, 
ment  (with  a  sufficiently  slow  cooling  rate),  a  material 
completely  free  from  stress  corrosion. 
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Also  the  influence  of  the  degree  of  work  hardening 
and  the  differing  effect  produced  by  this  factor  on  ma_ 
terials  that  are  susceptible  or  non  susceptible  tc  stress 
corros ion  has  been  further  confirmed » 

As  for  the  sensitising  treatment  most  suited  to  re- 
vecl  the  eventual  susceptibility  tnduced  in  the  material 
by  a  prolonged  stay  at  high  temperature ,  the  anodic  test 
does  not  show  any  sub  tantial  difference  between  the  two 
treatment  experimented,  A  15/16  end  A  10/72,  even  through 
the  second  treatment  seems  to  show  more  clearly  the  struc¬ 
tural  instcbtlity  of  the  material. 

The  mlcrostructural  test  results  confirm  completely 
the  results  obtained  in  the  anodic  test. 

The  clear  difference  of  behaviour  between  the  two  ma_ 
terials  with  annealing  I  and  F  and  that  with  G  annealing 
after  the  sensitising  treatment  are  in  good  agreement 
with  the  different  structural  characteristics  of  this 
last  material  as  compared  to  the  first  two. 

In  fact,  the  structure  of  material  G,  contrary  to  that 
of  the  other  two  materials,  shows  all  the  characteristics 
that,  as  is  well  knwon,  confer  an  excellent  resistance 
to  strtss  corrosion  (globular  and  discontinuous  formqf 
the  precipitate  at  the  grain  boundaries  and  presence  of 
this  precipitate  also  a,t  the  grain  center). 

The  slightly  higher  susceptibility  induced  by  the  sen 
sitising  treatment  A  10/72  as  compared  to  treatment  A  15/16 
for  the  materials  with  annealings  I  and  F  in  state  H  10, 
is  also  justified  by  the  presence,  in  the  material  A  10/72, 
of  a  film  of  reprecipitate  slightly  thinner  at  the  grain 
boundary . 
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As  far  as  the  slightly  better  behaviour  of  material 
F  ts  concerned,  compared  to  material  I,  nothing  is  ob¬ 
served  in  the  structural  characteristics  that  result 
completely  comparable,  for  the  two  i  aterials. 

The  fact  that  material  F  behaves  in  only  a  slightly 
better  way  than  does  material  I,  merits  a  brief  comment. 

According  to  what  is  held  by  some  writes  (1)  in  fact, 
the  treatment  used  for  materials  F  should  hcve  resulted 
clearly  better  as  compared  tc  a  standard  industrial  anneal, 
ing  treatment  of  the  type  experimented  by  us  ( cfr .  fig. 2). 

The  purpose  of  the  above  treatment  was  to  provoke, 
with  a  prolonged  stay  at  a  temperature  between  220°-250°C, 
a  good  heterogeneisation  of  the  material  that  would  redu¬ 
ce  the  amount  and  modify  the  form  of  the  reprecipitate  at 
the  grain  boundary  in  the  successive  sensi tising  treat¬ 
ment,  thus  improving  resistance  to  stress  corrosion. 

In  substance,  this  effect  did  not  take  place ,  as  shown 
in  the  micrographs  of  figs.  7-6  and  as  confirmed  by  the 
results  of  the  anodic  test. 

It  is  now  known  that  the  success  of  this  treatment  is 
governed  by  an  accurate  choice  of  the  conditions  of  the 
treatment  itself  ( temperature  end  length  of  time )i  which 
conditions  are  in  turn,  bound  by  the  composition  and  s  to. 
te  of  the  material  and  in  particular  by  the  Kg  content. 

For  the  purpose  of  obtaining  a  proper  treatment  of 
this  type  it  would  be  necessary  a  previous  set  up.  of 
the  treatment  conditions  to  be  used  for  the  alloys  of 
the  type  under  examination  (A1  5f-  Kg)  with  different  Kg 
content. 

It  is  to  be  further  noted  that  the  results  obtained 
from  the  above-mentioned  exper  imenters  were  based  solely 
on  the  corrodibility  tests  in  acid  solution  with  HC1 
(pH  *  1,5)  and  were  not  further  confirmed  by  the  stress 
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corrosion  tests. 

It  remains  how  to  compare  the  results  of  the  anodic 
test  with  those  of  the  other  two  tests  in  saline  add 
solution . 

It  is  observed  above  all  that ,  apart  from  the  clear 
difference  shown  by  all  the  tests  between  the  materials 
I  and  F  and  materials  G,  good  agreement  is  found  solely 
between  the  anodic  test  and  the  test  in  saline  acid  so¬ 
lution  when  is  used  also  for  this  last,  as  valuation  cr£ 
terion,  the  value  of  the  suceptibility  indices  according 
to  Jones. 

In  all  other  cases,  there  are  noticeable  differences. 

In  particular  the  greatest  contrast  between  the  re¬ 
sults  of  the  anodic  test  and  those  of  the  other  two  tests 
exists  for  the  influence  of  the  sensitising  treatment.  In 
the  two  tests  in  acid  solution,  the  treatment  A  10l72  car, 
ried  out  on  the  materials  in  state  E  10  seems,  in  fact, 
to  show  a  noticeably  lower  susceptibility  of  the  material 
to  stress  corrosion,  compared  to  treatment  A  15/16. 

For  exaviple,  the  absence  of  breakages  found  in  the 
Brenner  type  test  for  material  E  10  A  10/72  is  seen,  and 
also  a  prolonged  life  of  the  same  material  is  noted  in 
the  saline  acid  solution . 

These  results  cannot  be  clearly  interpreted  and  do 
not  hove  valid  Justification  from  the  microstructural 
examination  results. 

The  fact  of  having  used  the  index  calculations  as 
valuation  criterion  even  for  one  of  the  two  tests  in 
the  acid  solution,  allows  af formation  that  the  diffe. 
rence  of  behaviour  shown  in  the  two  types  of  test  for 
the  two  sensitising  treatments  is  to  be  attributed  on, 
ly  to  the  different  corrodibility  of  the  two  materials. 
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The  susceptibility  indices  obtained  in  the  saline  a - 
c Id  test  do  not  tn  fact  reveal,  tn  accordance  with  the 
anodic  test,  a  diversity  of  behaviour  to  stress  corrosion, 
at  equal  state,  between  the  two  sensitised  materials 
A  16/16  and  A  10/72. 

One  the  other  hand,  the  identical  breaking  times  in 
the  anodic  tests  for  both  the  materials  at  state  H  10 
with  different  sensitising,  indicates  that  the  different 
corrodibility  of  the  material  A  10/72  is  manifested  on¬ 
ly  in  the  saline  add  solution. 

The  differing  corrodibility  in  the  saline  acid  test 
between  the  materials  A  15/16  and  0/72  may  be  due  to 
the  the  fact  that,  as  is  known,  in  the  presence  of  HC1, 
the  cathode  reaction  passes  from  reduction  of  oxygen  to 
evolution  of  hydrogen,  for  which  the  accelerating  effect 
produced  by  it  on  the  effects  of  the  inter  crystalline 
corrosion  is  closely  connected  to  the  hydrogen-overpoten 
tial  of  the  material. 

Since  the  hydro gen-overpotential  is  greatly  influen¬ 
ced  by  many  factors,  connected  with  the  intimate  struc¬ 
ture  of  the  material,  small  variations  tn  the  microstruc. 
tural  characteristics  of  the  two  materials  that  are  not 
shown  up  by  the  metallographic  examination,  may  have  clear, 
ly  differentiated  the  relative  values  of  the  hydrogen-o. 
verpotential.  This  may  have  thus  modified  considerably 
the  behaviour  of  the  two  materials  to  corrosion  without 
having  necessarily  changed  the  entity  of  the  contribu¬ 
tion  of  the  mechanical  stress  to  breaking  of  the  mater *  1 
through  stress  corrosion. 

The  susceptibility  to  stress  corrosion  indices  calcu¬ 
lated  by  us  define,  in  effect,  solely  the  entity  of  this 
contribution. 

In  order  to  be  able  to  explain  in  detail  the  differen 
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ce  in  behaviour  between  the  two  Materials,  an  accurate 
examination  would  be  necessary,  from  the  structural  point 
of  view  by  means  of  the  help  of  an  electronic  microscope, 
and  from  the  electrochemical  point  of  view. 

This  examination  would  permit  a  final  clarification 
of  the  lack  of  agreement  often  found  in  the  results  ob- 
tained  in  the  saline  acid  solutton  tests  which  ere  very 
frequently  used  because  of  their  greater  speed ,  for  the 
check  of  the  stress  corroston  of  the  alloys  under  exam^ 
nation. 

8)  Conclusions 

The  selctivity  of  the  anodic  method  has  been  evalua¬ 
ted  and  compared  with  that  of  other  two  methods  in  salt, 
ne  acid  solution ,  checking  the  influence  of  the  follow¬ 
ing  factors  on  the  results  given  by  the  three  methods t 
conditions  of  the  annealing  treatment /  degree  of  work 
hardentngt  sensitising  treatment. 

The  results  obtained  enable  us  to  conclude  that: 

a)  The  anodic  method  shows  a  clear  influence  of  the  con 
dtttons  of  the  annealing  treatment  and  of  the  degree 
of  work  hardening,  in  effective  agreement  with  the 
structural  characteristics  of  the  materials  and  also 
permits  in  some  cases,  differentiation  between  the 
various  types  of  treatment  not  show  by  the  metallogra 
phic  examination, 

b)  The  two  sensitising  treatments  experimented  (A  16/16 
and  A  10/72)  are  indicated  by  the  anodic  method  as 
equivalent  to  the  effects  of  the  valuation  of  the  struc_ 
tural  instability  of  the  material. 

c)  Comparison  with  the  other  two  methods  experimented , 
both  in  a  solutton  of  SaCl  3$  +  SCI  1$  but  one  by  me¬ 
chanical  bending  stress  ( Brenner  type  'test )  and  the 
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other  with  mechanical  tensile  stress,  has  revealed  sub. 

> 

stantial  lack  of  accord  whenever  the  breaking  time  of 
the  material  is  used  as  criterion  of  evaluation . 

d) '  These  disaccords  are  due  essentially  to  the  differing 

mechanism  of  the  corrosive  phenomenon  in  the  acid  so¬ 
lution  (pH  1,5),  which  may  make  a  clear  difference  in 
the  behaviour  of  material  whose  corrodibility  in  neu¬ 
tral  solution  is  quite  equivalent. 

e)  The  use  of  control  tests  in  the  absence  of  mechanical 
stress  and  the  relative  calculation  of  the  susceptibly 
lity  tndices  according  to  Jones,  may ,  however,  permit 
carrying  out  an  evaluation  of  the  behaviour  under  stress 
corrosion  of  material  for  the  most  part  equal  to  that 
used  in  the  anodic  test; 

f)  Also  in  thts  case,  the  results  obtained  are  less  selec^ 
tive  than  those  obtained  in  the  anodic  test  and  need 

a  much  longer  duration  of  the  test. 

g)  However  the  higher  suitability  of  the  anodic  method 
has  been  confirmed  compared  to  the  two  methods  expe¬ 
rimented  for  the  control  above  quoted. 

h)  Finally,  the  above  quoted  results  and  the  ones  obtain 
ned  tn  the  preceding  tests  show  clearly  the  validity 
of  anodic  method  for  the  study  of  stress  corrosion 
of  aluminium-magnesium  alloys. 

i)  For  the  purpose  of  computing  the  checking  of  such  a 
method,  a  further  series  of  testings  is  to  be  carried 
out  consisting  of i 

-  comparison  tests  between  the  anodic  and  traditional 
methods  in  neutral  saline  solution / 

-  stress-corroston  tests  in  marine  atmosphere  on  tho¬ 
se  materials  that  presented  various  susceptibility 
indexes  during  the  anodic  test.  This  will  allow 
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to  establish  the  correlation  existing  between  the 
above  quoted  values  and  the  effective  resistance 
to  stress-corrosion  of  materials  in  naturale  en¬ 
vironment. 

l)  After  the  checking  of  the  validity  of  the  method, 
it  might  be  employed  for  computing  the  research 
with  the  extension  to  the  study  of  other  factors 
yet  uncompletely  known  or  unsufficiently  experi¬ 
mented,  jo r  instance  the  influence  of  small  add± 
tions  of  Cu  or  the  effect  induced  by  means  of  an 
interrupted  annealing  treatment  of  the  type  al¬ 
ready  experimented  (annealing  F)  or  by  a  partial 
annealing  treatment  of  the  type  E  2  or  II  3  used 
by  Alcoa. 
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TABLE  I  -  CHEW  I  CAL  ANALYSIS  Of  MATERIAL  IMPER  gXjjjlATIOjj 


E  Hunts 

% 

litorlal 

P-AG5  UM  3576 

Cu 

0.006 

<  0.05 

*9 

4.79 

4.5  *  5.6 

Mn 

0.29 

0.2  4  0.4 

ft 

0.31 

<  0.4 

SI 

0.09 

*  0.3 

Zn 

0.014 

«  0.1 

Tl 

0.008 

«  0.1 

TABLE  1 1  -  MECHAWICAL  PROPERTIES  PETE REINED  ON  MATERIAL  WIDER 

EXARINAT  ION 


Hotortal 

Toiwtlo 

Stronqth 

(kg/»»2) 

0.2  Proof- 

strtto 

S0.2  , 
(kg/**  ) 

Elongation 

s 

% 

B  H  N 

(2.5/62.5/30*) 

(kg/a*2) 

P-AG5 

2.5  n  thick 

33.2 

23.6 

15.7 

95 

P-A85  H10 

UU  3576 

30  «  35 

24*28 

12*18 

85  «  05 

TABLE  III  -  MECHANICAL  PROPERTIES  DETERMINED  ON  MATERIALS  UNDER  EXAMINATION 


Annealing  Taper*  Sana! tiling 
Trait  lint 


Elongation 


8  H  N 

(25/62.5/30*) 
,  2, 


P  -  AG  5 


P  -  AG  5 


agad  150°C/16  h 
aged  100°C/72  h 


agad  150°C/16  h 
aged  100°C/72  h 


agad  150°C/16  h 
aged  100°C/72  h 


agad  150°C/16  h 
aged  100»C/72  h 


agad  150°C/16  h 
agad  100°C/72  h 


agad  150°C/16  h 
agad  100«C/72  h 


H  10  UNI  3576 


H  25  UNI  3516 


TABLE  IV  -  TENSILE  STRENGTH  AND  0.2  PROOF-STRESS  DETERMINED  OH  THE  SPECIMENS  ADOPTED 

IN  THE  ANODIC  TEST 


TABLE  V  -  RESULTS  Of  ANODIC  STRESS-CORROSION  TEST 


TABLE  VI  -  RESULTS  OF  STRESS-CORROSION  TEST  IN  3?  NtCl  ♦  1?  jjCl 


(*)  Rowlt*  not  ovollablt  wing  to  t  follurt  of  hour-cooputor 


TABLE  VII  -  RESULTS  OF  BREWER  TYPE  STRESS-CORROSION  TEST 


Fig.1  -  Saboao  of  opporotuo  omplagrod  for  tbo 
Broanor  typo  toot. 


Fig.  4  -  Type  of  specimen  adopted  in  the  anodic 
tes  t : 

A  =  was  covering 
P  =  exposed  gauge  length 
(Plate  n.  31096/6) 
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